We calculate the gauge-boson pairs 
I. INTRODUCTION
The electroweak standard model (SM) has so far been very successful and consistent with experiments. However, it is likely that there exist other models, of which the SM is the effective low energy limit. The future colliding facilities, which will operate at TeV scale, are likely to reveal new physics beyond SM. The symmetry-breaking and the non-abelian gauge-boson sectors are the most peculiar natures of SM. A lot have been discussed on the possibilities of the future hadronic and e + e − colliders to probe the gauge-boson and the symmetry-breaking sectors. With the recent discussion of the physics possibilities at eγ and γγ colliders [1] , they might be as important as the hadronic and e + e − colliders. They have backgrounds much cleaner than the hadronic colliders and should be as clean as the e + e − colliders, and also photon has anomalous gluon and quark contents [2] that enable one to study QCD directly.
The e − γ collisions at e + e − machines can be realized by directing a low energy (a few eV ) laser beam almost head-to-head to the incident positron beam. By Compton scattering, there are abundant, hard back-scattered photons in the same direction as the incident positron beam, and carry a substantial fraction of the energy of the incident positrons.
Therefore, we have the e − γ collisions. For details please see Refs. [3] . Other possibilities include the bremsstrahlung and beamstrahlung effects [4] but these methods produce photons mainly in the soft region [3] , and beamstrahlung depends critically on the beam structure [4] . Therefore we shall limit all the calculations to eγ collisions produced by the laser back-scattering method.
In recent studies of the Higgs production in eγ collisions [5, 6] through
the cross section is just a factor of 2 or 3 smaller than that of e + e − → ννW * W * → ννH for √ s = 1 − 2 TeV, and so this production might be a possible channel in searching for the Higgs boson. However, the backgrounds have not been fully analysed, therefore we cannot draw any decisive conclusions. For the Higgs in the intermediate mass range (IMH) the signature, due to the dominate decay of H → bb and hadronic decay of W , will be it also suffers backgrounds from the e − γ →tbν production [7] witht →bW − , and e − γ →
Also attention has been focused on the single W production in the channel e − γ → W − ν [8] to probe the W W γ coupling and search for any anomalous gauge-boson interactions.
To probe the W W Z coupling, however, we must go for the boson-pair productions of Also these processes as probes to test the triple and quartic gauge couplings should be as important as the three gauge-boson productions in e + e − colliders [9] .
In this paper we calculate the following processes of boson-pair productions in e − γ collisions,
→ ZHe − .
The processes in Eqs. (3)- (6) are important because they are the major potential backgrounds to the IMH search in the channels of Eqs. (7) and (8) [5] . Besides, the processes in Eqs. (3)- (5) are important tests for SM because they involve non-abelian gauge couplings. These processes must be quantified precisely within SM before any anomalous triple or quartic gauge-boson interactions can be realized in these channels.
The organization of the paper is as follows: we briefly describe the calculation methods including the photon luminosity function in Sec. II, following which we present the results in Sec. III, and then summarize in Sec. IV. We will also present detail formulas for the matrix elements of the processes involved in the appendix A.
II. CALCULATIONS A. Photon Luminosity
We use the energy spectrum of the back-scattered photon given by [3] 
where
e , ω 0 is the energy of the incident laser photon, x = ω/E 0 is the fraction of the incident positron's energy carried by the back-scattered photon, and the maximum value x max is given by
It is seen from Eq. (9) and (10) that the portion of photons with maximum energy grows with E 0 and ω 0 . A large ω 0 , however, should be avoided so that the back-scattered photon does not interact with the incident photon and create unwanted e + e − pairs. The threshold for e + e − pair creation is ωω 0 > m 2 e , so we require
e , we find
For the choice ξ = 4.8 one finds x max ≃ 0.83, D(ξ) ≃ 1.8, and ω 0 = 1.25(0.63) eV for a 0.5(1) TeV e + e − collider. Here we have assumed that the electron, positron and backscattered photon beams are unpolarized. We also assume that, on average, the number of back-scattered photons produced per positron is 1 (i.e., the conversion coefficient k equals 1).
B. Subprocesses Calculation
The W and Z bosons are detected through their leptonic or hadronic decays. So we are not going to impose any acceptance cuts on the W and Z bosons for their detections, instead, we assume some detection efficiencies for their decay products to estimate the number of observed events. On the other hand, γ can be observed directly in the final state by imposing a typical experimental acceptance, say,
We use the helicity amplitude method of Ref. [10] to evaluate the Feynman amplitudes, and keep the electron mass m e finite in all the calculations. There are totally 11 contributing Feynman diagrams in the process e
and 6 in e − γ → ZZe − , in the general R ξ gauge. The helicity amplitudes for the processes of Eqs. (3)- (6) are given in Appendix A. The processes of Eqs. (7) and (8) have been calculated in detail in Refs. [5, 6] . The total cross-section σ is obtained by folding the subprocess crosssectionσ in with the photon luminosity function of Eqs. (9) and (10); shown in appendix A.
III. RESULTS AND DISCUSSION
We show the dependence of the cross sections for all the processes of Eqs. (3)- (8) For the IMH search in W H production total background from W W , W Z and ZZ is about two order of magnitudes larger (see Fig. 1 ). But from Fig. 2 we can see that the hugh cross section of W W can go down sharply by requiring a moderate transverse momentum b-tagging has a high efficiency and the invariant mass reconstruction has a good resolution these backgrounds can be substantially reduced, so W H production remains a possible channel to search for the IMH. However, a more detail analysis taking into account the other backgrounds from e − γ →tbν, tte − and detector resolutions is necessary to establish the Higgs-boson signal.
In Fig. 3 , we show the dependence of the differential cross section dσ/dM(V V ) on the invariant mass M(V V ) of the boson pair at √ s = 0.5 and 2 TeV. As expected, these curves rise a little bit above their corresponding M(V V ) threshold and then fall gradually as M(V V ) increases further. However, the presence of any anomalous triple or quartic gauge-boson interactions can alter the W Z, W γ, W W and W H curves to some extent.
These spectra can therefore serve as SM predictions to probe the anomalous gauge-boson sector.
IV. CONCLUSIONS
We 
Here Q f and T 3f are the electric charge (in units of the positron charge) and the third component of weak isospin of the fermion f , g is the SU(2) gauge coupling, and g Z = g/ cos θ w , x w = sin 2 θ w , with θ w being the weak mixing angle in the Standard Model. Dots between 4-vectors denote scalar products and g αβ is the Minkowskian metric tensor with g 00 = −g 11 = −g 22 = −g 33 = 1; ξ is a gauge-fixing parameter.
In Figs. 4 and 5, the momentum-labels p i denote the momenta flowing along the corresponding fermion lines in the direction of the arrows. We shall always denote the associated spinors by the symbols u(p i ) andū(p i ) for the ingoing and outgoing arrows, which is usual for the annihilation and creation of fermions, respectively.
The contributing Feynman diagrams for e Fig. 4 . We define a shorthand notation
then the helicity amplitudes are given by
The contributing Feynman diagrams for e − γ → W − γν are obtained from those in Fig. 4 by replacing the Z by γ. The helicity amplitudes for e
be obtained from the above expressions by replacing the corresponding g ZW W and g Z (e or ν)
by g γW W and g γ (e or ν) respectively, and substituting the tan θ w in M (j) and M (k) by -1.
Since g γ (ν) = 0, diagrams 4(e) and (i) do not contribute to the W − γ production.
The contributing Feynman diagrams for the process e
shown in Fig. 5 . We can also define a shorthand notation
then the helicity amplitudes are given by The differential cross sections dσ/dp T (V V ) for the processes in Eqs. (3)- (8) 
